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ABSTRACT

THE INFLUENCE OF STRAINS AND DIETARY FATS ON FATTY
ACID COMPOSITION OF EGG YOLK, ADIPOSE
TISSUE AND OVA OF CHICKENS
by

Su Hoon Choo

An experiment was conducted to study the effects
of strains and breeds of chickens and dietary fats on fatty
acid composition of egg yolk, adipose tissue and immature
ova. The effects on feed efficiency and egg production were
also observed. A complete factorial design was used in
which three ration treatments (low=-fat, 14% soybean oil
and 14% rapeseed oil) were fed to each of three strains of
hen for six months.

In genersl, hens fed & high-fat ration ate less
feed than hens fed a low-fat ration. The relative decrease
in feed consumption was proportional to the energy density
of the ration. Feeding soybean oll in the ration had little
or no effect on the total gquantity of eggs produced per hen
day. However, hens fed the low-fat diet produced more eggs
than hens fed the soybean oll diet, but the eggs were smaller
in size. Feeding rapeseed oil (14%) depressed feed intake

of hens, reduced feed efficiency, reduced egg production
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and decreased egg size in comparison with feeding soybean
oil. As the experiment progressed, feed efficiency and egg
production decreased while yolk size and egg size increased
on all ration treatments.

The inclusion of 14% soybean oil or rapeseed oil
caused appreclable changes in the fatty acid composition of
egg yolk, immeture ova and adipose tissue. In comparison
to the low-fat treatment, level of linoleic acid in the
tissues increased markedly and that of linolenic acid moder-
ately when soybean oill was fed. Increases in oleic and lin-
olenic acids of tissues were accompanied by a decrease in
oleic acid.

Strain and breed differences were noted for Ci69
C18’ C18:1 Cy18;2 and 022:1 contents of egg yolk, for 0169
01831’ 618:3 and Cp,,q contents of adipose tissue and for
0169 318’ 018:2 end an unidentified fatty acid in ova.

These differences among tissues of various strains suggests
that the control of fatty acid composition in tissues may be
volygenic in nature. Differences in fatty acid composition
between Pearlettes and Shaver which had White Leghorn
Parentage, were less than differences between these two and
Clarks which was entirely of meat origin.

All the fatty acids in developing ova, except an
unidentified fatty acid, were altered significantly by the



iv
dietary fats. However, the magnitude of effects of these
dietary fats on fatty acid composition of developing ova
were not as great as those observed in the case of mature
egg yolk. The results of this study indicate that fatty
aclds in ova are probably derived selectively from adipose
tissue during early development but, as the ova grow larger,
they become more dependent on fatty acids of immediate
dietary fat as it is assimilated and directed to the more
actively and rapidly growing ova approaching maturity.
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- INTRODUCTION

the influence of dietary fats on the fatty scig composition
of egg yolk and depot fat.

cerning the influence of dietary fat on the fatty geiq com=
Position of egg yolk ang depot fat, However, little infor-
mation is available gbout the Variation which hay exist due
to genetic differences of chickens, with regard te fatty
acid composition of egg fat and adipose tissue. 1In addition,
little is ¥nown about the influence which genetic differences
of birds Bay exert on the efficiency with which various
dietary fatty acids are utilizeqd.

It was the objective of this study to examine the
Variation in fatty acig composition due to genetie differences

between ang within three strains of hen, and to investigate



the influence of dietary fat on this respect in growing ova.
in attempt was also made to obtain further information on

the effects of dietary rapeseed o0il and soybean oil on the
fatty acid composition in mature egg and depot fat. The
experiment was designed so that an evaluation could be mede
of any possible interactions between ration, strain and age
(period), which may have modified the independent effects.

In addition, observations on feed consumption, feed effi-
ciency, egg production and size of eggs as relsted to strains

and ration treatments were made,



Synthesis ang interconversion of fat is believeq
to occur in the animgl body. However, only limiteq work
has been done with polyunsaturated fatty acids in this re-
Spect. Reiser (1950q) Ted hens a "fat-free diet" and observeq
changes in egg yolk fat, He found that the fatty acids
bossessing five and six double bond disappeared from the
glyceride ang bhospholipig fractions of the yolk after

four and eight weeks, Tespectively, The two, three and

the "fat-free dlet", the gix double bond geig in the yolxk
vanished at the same time as in the “fat-free diet", but
fatty acids with three, four or five double bondsg declined
to a minimum after two weeks, The two double bonds acig
Temained unchanged, This illustrated that hens cannot
synthesgize three, four, five and six double bonds fatty

acids from non=fat Precursors, but can synthesize these



linoleic acids.

In growing chicks, it has been shown that the in-
gestion of linoleic acid resulted in the deposition of
arachidonic acid and an unidentified fatty acid with five
double bonds, but not linolenic acid in the adipose tissue;
while the ingestion of linolenic acid resulted in the depo-
sition of fatty acid with six double bonds (Reiser, 1950Db),
In a later study, Reiser (1951) presented evidence that in
laying hens linoleic acid was not converted to linolenic or
the six double bonds fatty acid, but that the addition of
linoleic acid to the ration resulted in an inerease in lin-
oleic and arachidonic acids and an unidentified five double
bonds fatty acid of egg yolk lipid. Supplementation of
linolenic acid lead to the changes of all polyunsaturated
fatty acids having two to six double bonds., Feeding lin-
olenic acid to hens that had been fed a "fat-free ration"
provided further evidence that a mechanism was present
in the hen which rapidly converts linolenic acid to lesser
and more highly unsaturated fatty acids. Neutral fat of
egg yolk from hens fed a "fat-free diet" contained only
about one per cent linolenic acid as compared to 1l4.4% in
yolk of hens fed a stock ration which contained fat. Since
this fatty acid was not supplied in the ration for over

one year in the former case, it must have been synthe-



sized by the hens. Apparently, laying hens on a "fat-free
ration® can synthesize a minimum amount of unsaturated
fatty acids to meet thelr requirements.

Choudhury and Reiser (1959) included three levels
of linoleic acid (0.55%, 7.5% or 15%) in a stock diet, and
fed the ration to hens. They found that linolenic acid
level of triglycerides in the yolk was not influenced by
levels of dietary linoleic acid above 0.55%, except for a
slight transient increase in linolenic acid when the 15%
level of linoleic acid was fed. The authors felt that this
temporary increase was probably due to the occurrence of an
intermediate product in arachidonic acid synthesis, such
as 6, 9, 12 octadecatrienoic. The constant concentration
of linolenie acid in the egg yolk triglycerides substantiated
the fact that linolenic acid is not produced from linoleic
acid by the hens. When 0.55% or 7.5% linoleic acid was
fed, linoleic acid content of the yolk increased from 10 to
30%, but no further increase was obtained when a higher
level of linoleic acid was added to the ration. Following
the ingestion of diets containing 7.5% linoleic aeid, the
arachidoniec acid level of triglycerides initially changed
from 0.5% to a maximum of two per cent and then dropped to
the original level after five eggs were laid. This was
attributed to the limited ability of hens to incorporate



dietary linolelc acid into yolk triglycerides, and also a
homeostatic mechanism which controls the limits of poly-
unsaturated fatty aclds deposited in the egg.

Fisher and Leveille (1957), working with hens fed
a semi-synthetiec diet containing corn oll, found a relative-
ly low level of linolenic acid in egg yolk than that of
linseed oil ration. He stated that hens cannot synthesize
linolenic acid, but under practical situations obtain it
from the residual 0il in the soybean meal portion of a
Practical ration. Since in this experiment the hens were
fed the semi-synthetic ration for only one week, they could
have drawn the linoleic acid from depot fats for deposition
in egg yolk fat.

Feigenbagum and Fisher (1959), in an attempt to
establish the source of fatty acid in eggs from hens re-
ceiving a "fat-free diet", showed that since there were
insufficient polyunsaturated fatty acids ingested to ac-
count for the amount deposited in the yolk, it was evident
that the hens selectively drew upon their body fat for the
production of egg fat. Under normsl conditions, the poly-
unsaturated fatty acids are not synthesized and appear to be
transferred directly from the diet.

Early investigations made by Cruickshenk (1934)

showed that hens on "fish meal-free" and hempseed oil



rations containing 2.3% and 29.5% ether extract, respective=-
1y, laid normal egg with respect to characteristic of the
lipids. Conceivably, hens receiving a low-fat (fish meal-
free) diet obtained a considerable proportion of the normal
egg fat through blosynthesis from non-fat constituents of
the feed rather than by direct assimilation of fats. How=-
ever, if adequate dietary fats were supplied, the hens
utllized ingested fat for direct deposition of egg fat.

Ether extract of fresh yolk is about 30 to 32%
of the total yolk weight and remains relatively constant.
Howevér, the various fat components of the total lipids,
particularly phospholipids are variable (Mengold, 19313
Beare et gl. 1961).

Weinman (1956) claimed that nearly all egg yolk
iipids are bound to protein. Evans and Bendemer (1961)
presented evidence that egg yolk contains two lipoprotein
complexes, lipovitellin and lipovitellenin. They also
showed that lipovitellin comprised 6.8% of total egg yolk
lipids while lipovitellenin comprised 93.2%. Lipids of
lipovitellin were mostly firmly bound, while those of
lipovitellenin were 1oosély bound.

Privett et al, (1962) employed thin layer chroma-

7



tography for the analysis of the major egg yolk lipids,
and found the following fractions: 5.2% cholesterol,
65.5% triglycerides, 28.3% phospholipids and traces of
cholesteryl esters. Also, these workers separated egg
yolk lipids into neutral lipids and phospholipids. The
neutral lipids fraction was further fractionated by
molecular distillation into triglycerides (64.2%) and a
minor constituent fraction consisting of cholesterol.
The phospholipids were fractionated by column chromatography
into cephalin (4.7%), lecithin (22.9%) and a small emount
of an unidentified fat component (3.5%). Similar infor-
mation was also obtained by Chen gt gl. (1965).

The component fatty acids in egg yolk lipids
were investigated by MacLean (1918) and Needham (1931).
In general, the fatty acid composition of egg-lecithin was
palmitic, 28.5%; stearic, 1l4%; oleic, 33%; and linoleic,
24%. Levene and Rolf (1922) and Hatakeyama (1930) re-
ported the presence of polyunsaturated fatty acids; namely,
arachidonic and linoleic acids. Grossfeld (1933) observed
that egg fat contained 5.1% unsaponifiable material and
90.7% mixed fatty acids, in which the composition of fatty
acids were as follows: stearic, 2.2%; palmitic, 32.4%;
oleic, 44.2% and linoleic, 3.2%.

Cruickshank (1934) conducted a series of experi-



ments in which the effect of dietary fat on egg yolk was
studied in detail. A high level (28%) of supplemental
fats representing wide differences in fatty acid compo-
sition were used. She found that the iodine wvalue of egg
lipids from hens fed hempseed oll increased steadily from
84 to 127.2 within 16 days, and then remained constant.
When highly saturated mutton fat was fed, there was little
effect on the iodine value of yolk lipids. Increases in
degree of unsaturation of yolk lipids were accompanied by
decreases in percentage of saturated fatty acld of egg fat.
When a hempseed oll diet possessing a high concentration
of unsaturated fatty acids and protein was fed, the iodine
value was highest, and the percentage of saturated fatty
acids was lowest. In contrast, a high carbohydrate, hemp-
seed 0il ration resulted in a reduction of unsaturation,
and a slight rise in the level of saturated fatty acids.
She concluded that the degree of unsaturation and the pro-
portion of the component fatty acids were modified by un-
saturated fatty acids and that ingested saturated fatty
acids had relatively little effect on the normal fatty acids
composition of egg fat.

Riemenschneider gt ale, (1938) made a study of
yolk lipids with hens fed two per cent cod liver oil and
fish meal (high level of C,, unsaturated fatty acid). They
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found that the fatty acid composition of egg yolk glycerides
resembled that of the depot fat. Concurrently, the phospho-
lipid contained a somewhat high level of saturated acid to-
gether with a considerable amount of 022 (clupancdonic)
acld which only appeared in traces in the glycerides.

Fisher and Leveille (1957) reported that linseed
0il produced a distinect increase in linolenic acid content
of egg fat, whereas with soybean and safflower oil rations,
only linoleic acid content was increased, even though soy-
bean 0il contained seven to eight per cent of linolenic
acid. Feeding safflower oil resulted in the largest in-
crease in linoleic acid content of egg fat, although feed-
ing both linseed and soybean oil doubled the egg fat lin-
oleic acid level. Tallow had no effect on the concen-
tration of these two essential fatty scids in the egg yolk.

Horlick and O'Neil (1958) fed hens, for eight
weeks, a ration containing 10% sun safflower seed oil
which, in turn, contained 60% linoleic acid, and obtained
nearly a sixfold inecrease in the linoleic acid content
(5.65 to 30.40) of egg fat. The increase in linoleic
acld was largely at the expense of the oleic acid which
declined by about half (from 49.9 to 28%). Chen gt gl.
(1965) confirmed these observations with later experiments.,
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Wheelexr gg,g;& (1959) compared the total lipids
of egg yolk from hens fed diets contalning 5, 10, 15,
22.2 or 30% safflower seed o0il; 22.2 or 30% linseed oilj
end 10% cottonseed, corn or soybean oil with those produced
by hens fed a stock ration. They observed that the lin-
oleic acid content of eggs from hens fed safflower oil or
cottonseed 0il (no linoleic acid) was approximately pro-
portional to the level of linoleic acid in the diet. 1In
the case of hens fed diets containing linolenic acid as
supplied by corm, soybean or linseed o0il, linolelc acid
was not deposited in eggs as efficiently as in eggs of
hens fed safflower oil or cottonseed o0il. This was as-
cribed to an antagonistic effect of linolenic aclid on
incorporation of linoleic acid into yolk fat. In all the
diets tested, except the linseed oil diet, an increase in
linoleic acid was accompanied by a corresponding decrease
in oleic and palmitoleic acid. Only when an extremely
high level of linoleic acid (40%) was obtained in the yolk
was a slight decrease in palmitic acld observed. With
the linseed 0il diet, the increase in polyunsaturated
fatty acids was associated with a decrease in both oleic,
pelmitoleic and palmitic acids. Stearic acld remained
unchanged in all the different diets. In rats, it has been

shoun that the conversion of linoleic acid to arachidonic
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acid in adipose tissue is partially inhibited by dietary
linoleic acid in adipose tissue (Mohrhauer and Holman,
1963a).

Skellon et al. (1962) investigated the lipid
composition of egg yolk from hens fed a sunflower seed
01l (12 to 16%), or maize oil diets. This was compared
with that of yolk lipids from a control (low=fat) group.
The date exhibited a significent fall in oleic acid
(44 to 34%) and an increase in linoleic (10 to 24%) and
stearic acid in yolk lipids from non-control rations.
 Evens et gl. (1960) supplemented cottonseed oil
(2.5%) or various fractions (0.3 to 2.1%) of cottonseed
0il to laying hens, and found that there was no‘great
influence on the composition of egg yolk lipids, except
that they contained a hlgher concentration of stearic
acid then did dietary lipids. Therefore, they felt that
supplenenting the diet with fats did not greatly alter
the composition of fatty acids in the egg yolk lipids,
unless extremely high levels of fat were used. ILater on,
the same workers (Evans et gl. 1961) found that eggs from
hens fed the ration supplemented with either 2.5% crude
cottonseed or 0.67% Sterculia foetide seed 0il, had in-
creasing proportions of stearic and linoleic acids, and

a decreasing level of oleic acid. The increase in stearic
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acid level due to the above treatments was postulated as
being due to a stimulation of selective transfer of stearic
acid to egg yolk and/or increased formation of stearic acid
from fat or non-fat sources.

In a subsequent study, Evans et al. (1963) con-
cluded that the active agent in cottonseed or Sterculia
foetida 01l upset the normel synthesis of fatty acids in
hens, and caused formation of high concentration of stearic
acid in the yolk, regardless of whether the source of
fatty acid was from carbohydrates or other fats such as
corn oil or olive oll. As a whole, thelr data indicate
that the composition of egg yolk lipid was not always a
simple reflection of the dietary fatty acid components,
although in most instances, it was slightly modified by
dietary fat.

In rats, the modification of fatty acid com-
position of milk fat by the fat ingested by the mother
has been well documented (Beare et al. 1961). They showed
that when rats were fed a low=-fat ration, they secreted
predominantly saturated fatty acid (016) in milk, where-
as & preponderant concentration of 018:2 and C18:l ap-
peared in the milk when corn oil or mixture of iard and
olive 0il was fed, respectively. BRats fed rapeseed oil se-

creted milk fat conteining elcosenoic and eruclic acids but
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at lesser concentration than in the original oil. In
another report, Beare (1961) noted that rats, which had
been given eruclic ascid for several generations secreted
milk containing somewhat less than half the amount of the
erucic acid produced by the initial generation. Thus, it
appears that over long periods of time tThere was some
adaptation in utilization of erucic acld.

Lossow and Chaikoff (1958) injected tripalmitin-
1-014 and octoanoatenlaclu intrevenously and observed these
labelled fatty acids in milk. In their study, shorter chain
saturated fatty acids, which were absent in the diet; were
present in considerable eamount in milk fat. They suggested
that except in the case of low=-fat diets, the milk fatty
acid pattern reflected that of dietary fat.

The effect of dietary fat on the composition of
depot fat in the chicken has been studied by several in-
vestigators. In most instances, it has been demonstrated
that dietary fat exerts a marked effect on the composition
of depot fat (Chomyszym, 19553 Coppock et al., 1962).
Cruickshank (1934) observed the iodine value of varlous
tissues (skin, muscle, adipose tissue) of hens, end found

that these tissues appeared to be uniform in fatty acid
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composition. Individuals, however, varied slightly in rate

and degree of response to change in diet.

The physiological condition of the bird (laying,
non-laying or brooding) as well as the capacity for food
consumption, seems to influence the depot fat. Normally,
depot fat appears to be markedly influenced by the fatiy
gcids ingested, irrespective of their degree of saturation.
It was also shown that saturation took place more slowly
than unsaturation, both during the production of a more
saturated fat than normal, and during the production of
normel fat from an ebnormally unsaturated one. Since
various factors, such as palatability or ratio of fat to
carbohydrates in the diet, may produce this effect, 1t
need not necessarily mean that the hens selected the un-
saturated fatty acids more readily than saturated fatty
acids.

Sell and Hodgson (1962) observed that adipose
tissue of chicks receiving animal tallow reflected the re-
latively high stearic-oleic acids and low linoclele acid
content of the diet. When the diet was supplemented with
eight per cent soybean or sunflower seed oil, they found
a distinct decrease in the palmitic- palmitoleiec acid
level of the adipose tissue with a simultaneous increase

in linoleic acids Chicks receiving dietary rapeseed oil
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sembled thai: of body fat (Ingull et al. 1959). Evans et
al. (1962) failed to obtain a significant change in fatty
acid composition of adipose tissue in his experiment, and
the fatty acid distribution in depot fat was intermediate
between that in plasma and in the diet. They stated that
most of the dietary fat may have been deposited in adi-
pose stores before it was altered in the liver.

Machlin and Gordon (1962) observed that hens
fed purified diets containing either 15% hydrogenated coco=
nut oil or safflower oil, followed a change in the fatty
acid composition of liver and heart, which was similar to
that observed in the young growing chicks. These changes
were dependent upon and reflected the composition of the
fat consumed. However, in chicks, ingestion of 01832 in=
creased C,,,) content in these tissues (Machlin and Gordon,
1961), whereas in hens Cppsy Was not affected by high or
low level of dietary 018:2 acid. This would mean that
Czog“ in the 1ipid has a slower turnover rate than shorter
chain acids (018:2) in hens' tissues as compared to that
of chicks, or that hens have large reserves of 318:2 in
adipose tissue, which is enough to provide for the con-
version of Czo:u when necessarye.

Couch et gl. (1964) conducted en investigation
with hens fed a basal ration supplemented with 10% corn
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oil, lard or hydrogenated coconut oil, each at the expense
of cerelose in the basal diet. Thelr results indicated
that abdominal adipose tissue tended to rapldly approach
the degree of saturation of the dietary fat. These re-
searchers reported that absorbed excess fat was deposited
in the abdomingl adipose tissue with a minimum of change,
whereas in other tissue, an attempt was madé by the hen to
mainﬁain a 1lipid which was more characteristic of the
species so far as fatty ascid composition was concerned.

Carroll (1965), after a perusal of the literature,
stated that in lower forms of animal 1life (fish) the de-
position of dietary fat in tissue fat was relatively
straight- forward and endogenous synthesis played only a
minor role in determining the fatty acid composition of
the depot fat. In highly evoluted animals, endogenous
synthesis from non=fat precursors becomes more important
and was largely responsible for the fatty acid composition
of depot fat. Long-chain saturated fatty acids (C16 and
018) are normally formed from short-chain precursors. The
major monounsaturated acids (Cy¢,y and C;g,7) appear to
be formed largely from.016 and 018 regpectively. MNoreover,
it has been shown that the decrease in degree of saturation
of fatty acids result from the insertion of additional

double bonds between the carboxyl group and the existing
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double bonds. Dietary fat also seems to play a part in the
regulation of biosynthesis of fat in the body, but it does

not seem to have a specific effect (Hill et al. 1958).

Little information is available about the genetic
differences among strains and breeds of chickens in so far
as fatty acid composition of egg or body fat is concerned.
Edwards et gl., (1960) in the hope of seeking information
about genetic influences, made a survey of chemical con-
stituents of egg from eight strains of chickens. They
found that the total fat content of eggs varied among
strains from sbout 44% for the Cornell Random breed, to
7% for the White Plymouth Rock. There were distinct
differences in iodine value among strains. Arroyave gt
gl, (1957) did not find any significant differences among
breeds of hen with respect to fat content of egg yolk, but
observed that per cent of yolk fat inereased with increase
in age of hens.

In e study of five strains of chickens (repre-
senting three breeds) for fatty acid composition of yolk
lipids, Edwards (1964) found that the relative amount of

certain fatty acids (Cy¢.9s Cyg;00 018:2 and 62034) varied
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among strains. However, the differences among strains were
usually much less than those observed among individuals
within a strain.

Chen et al. (1965) used two strains of hens; a
laying type (8. C. white Leghorn) and a meat type (Arkansas
S8ilver) to study possible influence of different breeds on
the fatty acid composition of egg lipid in response to a
control diet as well as different dietary fats. They found
that the differencesin fatty acid composition of yolk lipid
exhibited by the two different bird types were not always
the same in egch individusl fraction of the yolk lipid.
Supplementation of the ration with linseed oil or coconut
0il, had no influence on the total fatty acid of the eggs
from the two strains, but phospholipids and glycerides did
displey some differences related to ration treatments.

The small differences between strains observed led these
workers to conclude that variation due to the breed was of
relatively minor importance with respect to fatty acid com-
position of the egg fat.



EXPERIMENTAL PROCEDURE

Three straiﬁs.ef chickens, Péarlettes (Pe),
Shaver.(Sh) and elarks,(cl), which are commercial egg pro-
duction hybrids, were selected for this stuﬁj. The Pe
and Sh were of éhe light egg type or;gin anﬂfthe Cl was of
heavy meat type erigin. Qhe»hundred chicks from eéch

strain were hatched and reared in. thermsstatieally-eentrolled,

eleetxically-heated.batterles, equipped~u1th wire floors.

A complete chick starter was fed to all of the chicks

- until eight weeks er age., This diet was replaeed bw a
arowing diet and. fed to abeut 19 ueeks of age. ‘Mash and
 water were previded gﬂ,l;h;&gm The ehieks were vaoeinated
at one week and twelve weeks of age agalnst bronchitis.

At five months of ése; 30.weli-gr6wn puilets of each strain
‘ were.seleetea; and allétted réndom1y'1nt9 three groups;

~ each eénslsbed of 10 pulietsﬂgromkeéch:ef the three strains.
The pullets were placed into individual cages, snd fed a

. stenderd laying diet conteining 3;7Z‘fa£."1nd1i1du§1 egg
production records were kept étter.all'the birds attained
50% hen-day egg;produetién. At this ﬁiﬁe,.lefbirdé of each
1etia1nfu§r§ fed,eaeh @tathe:three ex@eriméntal.tatiens.

Feed eensumptienadataywere;reeérded-monthly.v ¢he‘three
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experimental rations varied in source and level of fat
supplementation. Ingredient composition of rations is.
shown in Table la. The major energy source of the low=fat
ration was supplied by corn starch, while the other two
were supplemented with either 14% soybean oil or rapeseed
0il. The olls were substituted for corn starch on a
caloric basis and, thus the nutrient to caloric ratio was
similar for all three rations. Due to the high fat con-
tent of the rations, fresh rations were prepared biweekly
and stored at low temperature (50°F).

For lipid analysis, eggs were collected during
three periods of the experiment. The collection periods
began at 14, 90 and 180 days when three consecutive eggs
were seved for analysis. After each collection, approxi-
mately 10 g. of abdominsl fat were removed from each hen
by biopsy for fatty acld analysis. At termination of the
experiment, six birds from each ration treatment (two of
each strain), were killed bloodlessly. Various stages of
developing yolks were taken from the ovaries. They were
divided into three catagories. The sizes were: one-quarter
inch in diameter or less; from one-quarter to half an inch,
and from half of an inch to three-quarter inch in diameter.
Yolks within each category were pooled and stored at -20°C.

The whole egg was welghed, after which it was
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broken and the albumen height was measured with a micrometer.
Subsequently, haugh unit (a measurement of egg quality) was
calculated by the ®"Interior Quality Calculator of Egg®.

The yolks were separated on an "egg yolk separator®, the
albumen was collected in a petri dish, the thick albumen
was separated from the thin. Egg yolk, thin and thick
albumen and shell weights were recorded. The three yolks
from one hen were mixed thoroughly and stored at -20°C.
Methyl esters of fatty acids of lipids in the
egg yolk and adipose tissue were prepared by a modification
of the procedure of Metcalfe et al. (1961). Approximately
two grams of egg yolk sample were dried by lyophilization,
and 0.15 g. of dried sample was placed directly into three
milliliters of boron trifloride-methancl reagent in a screw=
cap tube. With the cap loosely fitted, the tube was placed
into a hot water bath at 65 to 70°C. After 10 minutes, the
tube was'withdrawn, and the screw-=cap tightened. The sample
was then incubated in an oven at 65 to 70°C for 12 hours.
This was followed by cooling the mixture to room temperature,
and adding 10 ml. of pentane plus five millileters distilled
water. The tubes were then shaken vigorously and allowed
to stand until a clear supernatant layer was obteined. The
pentane layer which contained the methyl esters, was trans-

fered carefully to another vial, where the solvent was
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evaporated with the aid of mild heat; the methyl esters were
stored in a refrigerator until analysis. The same procedure
was applied to the esterification of adipose tissue, except
that the sample was not freeze-dried but fresh tissue was
used. |

Fatty aclid composition of the liplds was deter-
mined using the F & M Model 700 Gas Chromatograph, equipped
with a hot-wire thermoconductivity detector. A five=foot,
stainless steel column of one-eighthof an inch in outside
diameter was used. Chromosorb W (mesh size 80/100), coated
with 10% diethylene glycol succinate polyester by welght
(staﬁionary phase), was used as the column packing meterial.
Operating temperstures were as follows: column, 175°C; de-
tector, 260°C; end injection port, 275°C. A filament
current of 250 millismperes was used. The rate of helium
flow (mobile phase) through the column was 35 ml per minute.,
A Sargent recorder, equipped with a disc integrator, Model
SR, was used to record the chromatograms. Identification
of fatty acids was accomplished by comparison of the re-
tention time of different chromatogram peaks with those of
known fatty acids. The per cent composition of fatty acids
was calculated on the basis of the ratio of peak areas as
determined by the integrator.

The data were subjected to analysis of variance



as described by Snedecor (1956). All the analyses of

variance appear in tables in the Appendix.

28



RESULTS

Influence of Diet ts end Strains on Feed Consumption
and Feed Efficiency

Increasing dietary fat was generally associated
with decreased feed consumption (Table 2a and Table 2b).
With low=fat ration, where carbohydrate was used to supply
a large portion of the energy, the highest consumption of
feed was observed. Feed consumption of the hens decreased
when a portion of the carbohydrate was replaced by soybean
0il on & caloric basis, and the relative decrease in feed
consumption was in propdrtion to the increase in ration
energy level (Table 2b). When soybean 0il was replaced by
rapeseed oil (containing a large proportion of erucic |
acid), feed consumption waes significantly (P< 0.01) de-
oreased (Table 2¢). A significant (P< 0.01) difference
emong strains in teims of feed eonsﬁmption was also ob=-
served (Table 2b). Among the strains 1nvestigated, strain
Sh consumed the least amount of feed while strain Cl

consumed the most with strain Pe ranking intermediate

(Table 2b). There was a significant (P< 0,01) period effect

on feed intake. The interaction of ration x period was
highly significant (P< 0.01), and was attributed to the

inconsistent changes in feed consumption with respect to
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various rations. For instance, when the low-fat diet was
fed, there was an increase in feed consumption with time.
In contrast, hens fecéiving.hlgh«ﬁat rations consumed less
feed. |

Hens receiving the soybean oil diet exhibited a
more efficient utilization of feed than those fed the low-
fat rations (Tables 3a and 3b). However, when rapeseed oil
was substituted for soybean oil on a.oalorie basis, feed
required per gram of egg produced increased from 2.56 to
3.75 g.5 & Value even higher than found in the case of the
low-fat diet (2.95). Amongst different strains studled,
the Sh strain utilized feed most efficiently. However,
there was a significant (P< 0.0l) strain x retion inter-
action (Table 3c) illustrating that effects of the same
ration treatment upon different strains were not always
consistent. For example, strain Pe‘utilized the low=fat
and the soybean 0il rations betﬁer than Cl strain, whereas
Cl strain utilized the rapeseed oil diet better than did
strain'Pe. Efficiency of feed utilizatidn differed signi-
ficantly (P< 0.01) from period to period, with effieiency
of feed utilization decreasing with time on experiment.

Heneg fed the low=fat diet were able to maintain
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72.4% hen day production (Tebles 4a and 4b). Inclusion of
soybean o0il in the ration decreased rate of egg production
to 68.9%, while the use of rapeseed oil caused a further
reduction in egg production. Amongst the strains investi-
gated, Sh strain produced eggs at the highest rate. The
Pe strain produced at an intermediate rate while strain Cl
produced eggs at a comparatively low rate (Table 4b). The
strain x ration interaction was significant (P< 0,01),
(Teble 4c) indicating that the response of each strain to
different ration treetments was not due to ration treat-
ments alone. For instance, strain Pe produced more eggs
when fed the low-fat diet‘than when fed the ration contain-
ing soybean oil, whereas the trend was the reverse in the
case of strain Sh. When the rapeseed 0il diet was fed,
the production of strain Pe equalled that of Cl strain
(Teble 4a). A marked period effect was also noticed
(Table 4¢c). This was a reflection of a significant (P< 0,01)
reduction in egg production with increasing age. In
addition, significant (P <0.05) strain x period and ration
x period interactions were observed. These interactions
show that there was a real difference among strains or
rations as to how rapidly the initial rate of egg pro-
duction decreased with age.

Apparently, hens maintained on rations with con=-



37

GE€z  66°TC TL°TZ S6°HE  wb°#y  6E°TH  62°9¢  €9°th  L9°EM usay

TS°4T  06°92  9HST AT°0E  #T°SH  96°0H ST°0€ 20°tq 8I°2H I1I
69°H2  L6°EE  £0°92  6E£°EE St TO°O% 94°9€  9l°eh  Li°hh I1
Gge4Z  60°SE  H9°H2  62°TH  42°ShH  T2°th  96°TH  TI°GhH  SO°Hh I

. potIad

™ ug od ™ us od ™ us °od uUTBIIE

T10 peesedsy Tv0 useqfog 98 MOT o138y

FTUET WHL X4 qEONCOYd (XVa-NEH/DOE 40 SWVHD) €993 40 IHOTEM TVIOL

SNOTIVY INFHEAJIIC aZd SNEH 40 SNIVHIS

BG ATV



38

89°5¢2 £qeoh 6T°TH uBax

€6 1€ GE°€2 G6°HE 62°9€ 0
6T°0N 66°TE 6 °hty €9ty us
65°G€ T4°T2 6€°TH L9°EY agq
uysIls

usay] 110 peesedsy 110 usaqlog 984 MOT zowpmm

SOOTHAI TIV HOd SNOIIVH INFHAJAIA a¥d SN¥H J0 SNIVELS FIHHI X4
agonaodd (XVa-NZH/59% 40 SHVHD) SHOE JO0 IHOIEM TVIOL HHIL JO XHVHHAS
s HIaVE




39

stant energy-to-nutrient ratios (soybean oil or low-fat
diet) were able to produce a similar amount of egg per hen
day regardless of source and level of energy. Less grams
of egg were producéd by hens recelving the rapeseed oll
diet (Table 5a end 5b). This implies that somehow a dis-
turbsnce in normel egg formation was involved. A4 signifi-
cent (P<0.01) strain difference with respect to the amount
of egg produced was noted (Table 5¢). In general, grams of
egg produced by Sh strain was highest (40.19 g.), followed
by Pe strain (35.59 g.) and then Cl stralin (31.53 8ele
Significant (P<0,05) straln x ration interaction revealed
an inconsistent effect of rations upon different strainse.
Strains Pe and Sh fed the low-fat diet maintained hlgher
production than strain Cl. Increasing dietary fat to 14%
of the total ration improved the amount of egg produced by
strain Sh, while a slight reduction was observed in Pe
strain. On the rapeseed oil diet, Pe strain had the poorest
production of the three strains (Table 5b). Significant
(P< 0.01) period effects indicated that hens lald less

grams of egg per hen day as they becanme older.

Influence of Rations and Strains on the Weight of Individual

Ege and Yolk
Individual eggs from hens receiving the soybean



ST°26 #h°0S  L6°h  §9°65  26°09  08°6S 95°8S  TE°6S  94°9% usol
G9°GS @I°2s T0°2G  65°29 #6°CO  L9°€9 42 TI9 Oh°29 86°6& I11
g6°2¢  02°25 HI°0§ €8°65  E4°T9  4h°09 HT°6S  €6°65  L2°LS II
2zogh  w6°9h Ll €5°95  60°4S  42°5S 0€°6S  09°GS  20°tS I
poTIsg
™ us ad 0 us ag ™ us 8g  UTBIIS
1170 pessedsy TT0 "esqhos 364 MOT Wot1aeq

J0 SNIVHIS FHUHI WOHJ (SWVYD) LHOIEM ODHE HOVHEAV

SNOIIVY INFUHJISTIA (Hd SNEH

B9 HTAVL



2

25°05 21°09 T2°8S ussy
64°95 G1°2s G9°65 95 °Q% 10
68°95 111° 05 26°09 TE°6S nm
g1°SS L6°gh 08°6% 94°9% nﬂcnwm
ussl TT0 pessadsy 110 ussqios 984 MOT uotyey

SgOIHHEd TIV ¥OoJ SNOIIVH INE¥EJIJIC a¥d SNEH

J0 SNIVHIS SEUHI Hod (SHVED) IHOIAM DOE EDVHIAV JO AHVHHAS

a9 HIGVL



b2

HLHT  HTCT  20°H#T  €€°QT  O0T°QT  §6°4T  6S°8T  99°4T  84°4T uBap

€2°9T 9T°HT 96°ST 00°02 TL°6T £6°6T £5°02 88°8T T#°6T III

Ge°HT 6E£°ET  H6°C€T €8°8T 6E°QT H#2°QT 69°QT 86°LT 9T°ST MH,
GT*€T ©9°TT QI°2T STI°9T T2°9T 89°ST EH#°9T 80°9T 84°ST I

potIed

o ug 83 O us G 0 yg e  uysIls

110 pessedsy 70 ussqlos 98 MOT uotT3og

SNOIIVH INZHEJIIQ q¥d SNEH 40

SNIVHIS dEUHI WOHd (SWVED) IHDIAM NIOX J0 TDVEEAY
B, TTAVEL



43

96°€T €1°8T 66°LT usay

T2°4T Rl NI €9t $S 8T 10
0£°9T HTET €1°81 G9°LT us
85°91 20°HT S6°LT 8L°LT 8g
uysIgs

ueay 110 Peesedsy T10 useqLog 98 MoT w013y

8a0I¥dd TIV HOd SNOLIVH INHHHJLIA add

SNEH 40 SNIVHIS JHHHI WOHJ (SWVHD) IHDIEM MTIOX J0 XEVHHAS

Qs FTEVL



Ll

oll ration were heavier than those from hens fed the low-

fat ration, and both were much heavier than eggs produced

by hens fed rapeseed oil diet (Tablé 6b). A similer trend
was observed in yolk welght (Teble 7b). Variations in in-
dividual egg welght due to strain differences in response
to various rations were observed although the strain x
ration interaction was not significant (Table 6¢c)e In
general, average egg weight was considerably heavier for

Sh and Cl strains then Pe. Yolk weight in strain Cl was
higher then in the other two strains. Significent (P< 0,01)
period effects on the egg end yolk weight indicated that

gize of egg and yolk increased in all strains with increas-

ing age regardless of ration treatments (Table 7c¢).

All three strains gave a different picture for
fatty acid composition of ezg yolk on different ration
treatments (Tables 8 and 9). Analysis of variemce of in-
dividual fabty acids within periods end the sum of sll
periods indicated a distinet influence of both treatments
and strains on lipid composition.

The fact that only hens receliving the rapeseed
oil diet contained erucic acid in egg yolk fat, indicated
that dietary lipidsgreatly influenced the composition of
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the yolk fat. The changes in fatty acid composition were
roughly proportional to the respective dietary pattern
(Figure 1 and Table 8). Eggs from hens recelving the low-
fat diet (high carbohydrate) contained a higher proportion
of Cyjs C16yy and Cpg than those from hens fed high-fat
diets (Tables 10a, 12a and 13a). Oleic acid (Cyg,;) re-
presented more than half (52%) of the total fatty aclds
in the yolk (Table 1l4a) followed by C,. (28%) (Table 1lla).
A markedly lower level of 01832 and 018:3 was observed in
egg yolks from hens fed the low fat as compared with eggs
produced by hen fed rations containing soybean or rapeseed
oil (Tables 15a and 16a).

Addition of soybean oil led to an alteration in
the distribution of almost all the fatty acids in the yolk.
Iinoleic acid (018:2)’ being the dominant fatty acid in
the diet, was deposited at a very high level (Teble 15a).
This change was accompanied by a relative decrease in
C1631 and Cyg,q (Table 8). Although about 8% of Cjg,4 Was
included in the soybean oil diet, very little of this acid
(1.99%) was found in egg yolk lipids.

Inclusion of rapeseed oil in the ration resulted
in little change in the concentrgtion of 018:1 in yolk in
comparison with the low-fat ration. Although the 016 con-

tent of the rapeseed oil diet was about six per cent less
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than the soybean o0il ration,_there was very little 4if-
ference between these two treatments in 6164content of egg
yolk (Teble 1lla). Change of C,g;, Was proportionsal to
that of the dietary level. It.was interesting to note that
only 2.53% of 018:3 appeared in the yolk, irrespective of
the fact that the rapeseed oil ration contained 17% of this
fatty acid (Table 2a and 16a). On the other hend, yolks
from hens fed the soybean'oil ration (8% 018:3) contained
spproximately the seme amount of this fatty acid (1.99%)
as hens fed rapeseed oil. This low deposition of 618:3
in egg yolk was not accompanied by an increase in 018'2
content of the same yolk,:nor were highly unsaturated long
chain fatty acids (62034) increased. A decrease in
°18:3 and Cyg,, with a simultaneous increase of Cyg.y
and Cy¢,7 was also observed in the yolks. In the case of
Choia (Table 17a), only a small proportion (1.5%) was in=
corporated into egg fat, even though this fatty acid
comprised 21% of the dietary fat. The saturated fatty
acids such as palmitic (C;4) end stearic (Cyg) in yolks
from hens fed high-fat rations were present in higher con-
centration than‘that found in the diet or adipose tissue
(Figure 1).

Period effects on the response of egg yolk fatty

acids to changes of dietary fats were significant (P< 0,01)
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in the case of all fatty acids except 618:2. This probably

reflects an inerease in the msgnitude of response to varia-
tions in dletary fatty acids msthe experiment progressed
(Tables 10b, 18b and Figure 1). However, data in Table 8
and Table 9 show that changes of each fatty acid in egg
yolks as the experiment progressed were not as great as
changes in adipose tissue. Significant (P<:0.0l) ration x
period interasctions for 018’ clé:l’ 01831 and 618:3 content
of egg yolk lipidsindicate that changes of these fatty acids
were not consistent with time on experiment. For example,
the content of 01831 in eggs from hens fed the low-fat dlet
tended to increase with time, but the reverse trend was ob-

served in eggs from hens fed the soybean oll ration.

Strain variation in the content of 016, 018’

Cig:2s C18:1 end C,,,, were highly significant (P<0.01).
The level of 616 in eggs produced by the Pe straln was
higher than that of the other strains regardless of ration
treatments. Oleic scid content was highest in eggs of Cl
strain and lowest in Sh strain, but intermediate in Pe
strain, irrespective of ration treatments (Figure 3 and
Table 14b). In the case of the low-fat diet, there was
little variation among strains in Cyg;p or Cjg,4 content of
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yolk (Figuyes 4 snd 5); all strains behaved similarly by
depositing a low level of these fatty acids in yolk fat.
When consliderable 018:2 was supplied by soybean oil, the
Sh and Cl strains had the ability to deposit a higher level
of Cyg:2 in egg yolk than Pe strain. A similar trend was
observed with respect to Cyg5., when the rapeseed oil ration
was fed, but not in the case of clB:B (Figure 5). These
datae illustrate a large variation in the response of dif-
ferent strains to various ration treatments. Erucic acid
was not deposited at a high level in the yolk of any strailn,
yet strain differences (P< 0.01) (Table 17b) were noticed.
It appeared that strain Sh was able to deposit a considerably
higher percentage of C22=1 in yolk lipid than the other two
strailns.

Significant (P< 0.01) strain x ration interactions
were noted with regard to 01631’ 01832’ 61833 éhd 022‘1
content of yolk fat (Tables 12b, 15b, 16b and 17b). This
indicates‘that variaetion in the proportions of fatty aclds
in different rations had varying effects among the three
strains. Although strains Sh and Cl responded to marked
changes in dietaxry 01833 level by depositing varying amounts
of this fatty acid in yolk fat, strain Pe did not follow a
 consistent pattern (Pigure 5). This serves as an example

of the strain x ration interaction. A partial lack of con-
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sistency of strain with time on experiment was indicated

by the significant (P< 0.01) strain x period interaction
(Table 16a).

Effects of dietary fats on fatty acid composition
of adipose tissue were noted (Table 10b through 17b). In
general, the pattern of fatty ameid composition reflected
that of the dietary source (Figure 1l). Hens fed the low-
fat diet maintained a higher concentration of 018’ 616 and
Clu fatty acid in adipose tissue than those fed high-fat
diets. 4s compared with egg yolk lipid composition, the
level of Cy, was higher while 016 and Cyg level was lower
in adipose tissue; although in both cases they were pro-
portional to that of diet. ILinoleic and linolenic acids
comprised a much larger proportion of the adipose tissue
than that of yolk. In hens fed the soybean oil diet, which
was high in 018:2 content, adipose tissue possessed about
40% of C

the 018:2 content of adipose tissue was 17.8%, nearly pro-

18:2° When hens were fed the rapeseed oil ration,

portibnal to that level in the dietary fat, but higher than
that observed in egg yolk. Hens fed the low-fat diet also
had a considerably higher concentration of C18:2 (11.8%)

in adipose tissue than in egg yolk fat. Levels_of 61833
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in adipose tissue were high, especially in those hens re-
ceiving the rapeseed oil diet. In the latter case, the
tissue level of 018:3 tended to approach the dietary level
as time of feeding was prolonged. A marked difference
between the soybean oil and rapeseed oil rations was noted
in the amount of 018:3 of adipose tissue (Table 1l6a). This
was in contrast to only a slight difference between these
treatments noted with regard to the same fatty aeid in
yolk 1lipid (Table 16a). Erucic acid (czz:l) was not as
readily incorporated into depot fat as other fatty acids,
but was deposited at higher levels as the trial progressed,
and was consistently higher in adipose tissue than in yolk
fat,

A significant (P<0.01) effect on dietary fatty
acids of edipose tissue was observed. Data in Table 9 and
Figure 1 illustrate the period effects whereby changes in
fatty acld composition of adipose tissue were different for
hens receiving the low-fat than for those receiving high=-fat
diets. Adipose tissue of hens fed the low=fat ration, gradu-
ally decreased in 016’ c1832 and 618:3 content, while 018:1
simulteneously increased. On high-fat diets, the concen=
trations of Gy, Cyg,y and Cyg,, were higher than the dietary
levels, and low levels of c1882’ 01883 and 02231 were found
during the first month of feeding. As the trisl progressed
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(Period I and II), levels of Cyg, C16:10 C1g and Cyg.4
decreased markedly while there was a distinet increase in
C18:2s Cy8;3 and C,,,, (Table 9). By Perlod II, the com-

position of adipose tissue of hens fed high-fat diets tended

to resemble that of the dietary fat.

Strain differences were significant (P<0.01) in

2231 in adipose tissue

(Tables 1lb, 14b, 16b and 17b). In single analysis of

the content of 016’ 018:1’ 018:3 and C

variance data obtained in the last perliod which is more re-
Presentative than data of the first period as to the effect
of strain and ration, strain differences in the content of
C1g;1 end Cy4,; were also significent (P<0.01). As was
observed in egg yolk lipids, the influence of strain on the
fatty acid composition of adipose tissue was not always the
same among strains of hens recelving the same ration. Fatty
acids that differed significantly amongst strains with re-
spect to egg yolk fat d4id not necessarily differ in the case
of adipose tissue. For example, the level of 018 and c18:2
in egg yolk lipid was influenced markedly (P<0.01) by
strain differences but was not affected significantly by

strain differences in so far as adipose tissue was concerned.



67
On the contrary, linolenic acid content which was influenced
significantly by strain differences in adipose tissue, was
not significently affected by strain variation in the case
of egg yolk lipid. Significant (P<0.01l) strain x ration
interactions were found in the case of 018:1’ 018:3 and
Coosq (Tables 14b, 16b and 17b), end significant (P<0.01)
straln x period interactions were observed with C;g.; and
C18:3 (Teble 14b and 16b). As a whole, when observing the
general trends of the responses of these fatty acids (016’
C18:1s Cyg,, and C1g,4) for each strain regardless of ration
effects, they were not always the same for egg yolk and adi-
pose tissue (Figures 2 - 5). However, when the comparisons
were limited to strains Pe and Sh, it was found that the
trends of fatty acid in yolk 1lipid and adipose tissue within
a strain were similar. For example, linoleic acid content
of strain Sh was higher than that of the Pe (Figure 4) while
the opposite was true for Cyg,; and Cq4 (Figures 2 and 3).
An exception to these trends was observed in the case of
318:3 in yolk and adipose tissue. In this instance, a
significant strain x ration interaction resulted from an
inconsistent response of strains Pe and Sh to the three
ration treatments. If these comparisons were made for
strain Cl and the above two strains, they varied greatly,
and a highly significant strain x ration interaction was ob-
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served for almost all the fatty acids in both yolk and adi-

pose tissue.

Significant (P< 0.0l1) ration effects for all the
fatty acids in growing yolk were noticed, except for the
unidentified fatty acid (Cx) which occurred in all ova,
irrespective of ration treatments. There were signlficant
(P<0.01) strain differences in the content of C¢, Cqgs
Cig;p and Cx¥* (Table 18a). The strain x ration interactions
for‘concentratlon of Cyggy and 01832 were also significant
(P<0.01), Although considerable differences were observed
for all fatty acids with change in ova size (periods),
these differences were not significant. The reason for the
non~-significant differences of fatty acid composition between
size of ova could probably be due to overlapping of cate-
gories of ova size, sinece there was no absolute distingulsh-
ing partition between these ova. When each fétty acid in
growing yolk was compared with the corresponding fatty acid
in the mature egg, there was no difference in the saturated
acids Cyy and Cyg, but the concentration of Cj4.3 wWas
slightly higher in growing yolk. The level of 01831 was the

#0x refers to an unknown fatty acid.
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TABLE 18a (Continued)
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same in mature and growing yolk from hens fed either low-
fat or the rapeseed o0il diet, but was much higher in im-
mature ova of hens fed the soybean oil rastion. The con-
centration of 018&2 and 618:3 was slightly higher on the
low=fat diet as compared with high-fat rations. The level
of unidentified fatty acid (Cx) tended to decrease with

increasing size of ova.



DISCUSSION

The inclusion of soybean or rapeseed oil in laying
hen rations exerted marked effects on feed consumption, feed
efficiency, rate of egg production as well as the weight
of individuel egg and yolk. Generally, feeding ratiéns con-
taining 14% soybean or 14% rapeseed oil decreased feed con-
sumption in comparison to the low-fat ration. In the case
of soybean o0ll, the decrease in feed consumption was in
proportion to the higher energy demnslity of the ration, in-
dicating that the hen eats primarily to satisfy her energy
requirement. This is in accord with the observation by Hill
and Dansky (1954), that chicks eat to meet their energy re-
quirements, while protein level, if adequate, has little
effect on feed consumption. Maclntyre and Altken (1957) re-
ported that neither high energy nor high protein had any
influence on rate of egg production, egg welght or specific
gravity of the eggs, but feed consumption and feed per dozen
eggs were markedly decreased by inereasing the energy con-
tent of the diet. In subsequent experiments where production
averaged 70% over the year, they found that feed required
per dozen eggs increased approximately 11% per 100 calories
decrease in productive energy per pound of feed. Hill gt gl.
(1956) showed that gross efficiency of egg production as
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measured by feed required per dozen eggs was markedly in-
fluenced by energy level. Relative to a ration containing
930 calories of productive energy per pound, a decrease in
energy concentration of 100 calories per pound increased
feed required by approximately‘lZ%. Increasing energy level
by the use of fat (tallow) reduced feed required per dozen
eggs at a rate of two per cent for each one per cent of
added fat.

The present findings also show that hens fed
either a low-fat diet or high soybean 0il ration produced
the same total weight of egzgs even thoush they differed in
the'rate of égg production. Although hens fed the low=fat
ration produced more eggs than hens fed 14% soybean oil, the
eggs were smaller and as a result total weight of eggs pro-
duced per hen-dey was the same for both ration treatments.
The differences between these two ration treatments in
average egg weight was not due to difference in intake of
me jor nutrients, since feed intake was in proportion to
ration energy level and ratios of energy to nutrients were
the same in both ration treatments. Thus, the difference
in egg weight must have been due to replacing s portion of
ration carbohydrate with soybean oil. It has been reported
that adding C18:2 to low fat laying hen rations increased
egg weight (Marion and Edwards, 1964). However, whether or



73

not thils occurred in the present study could not be determined.

Beare (1961) presented data showing that the in-
clusion of rapeseed oil in rations depressed food intake of
rats, and the degree of depression was directly related to
the level of rapeseed oil in the diet. Esrlier work (Beare
et al. 1959) indicated that erucic acid (C,,,;), & major
constituent of rapeseed o0il, was slowly absorbed by the
animals and that this may be the factor that depressed feed
intake. Beare et gl. (1959) found that feed intake was
impaired and weight gain decreased when ethyl erucicate
was added to rat rations. This evidence suggested a direct
influence of 32231 on feed intake. However, a later study
by Beare gt al, (1963) showed that a relatively low level
of saturated fatty acid (016) together with a high level
of erucic acid were major factors in rapeseed o0il that
caused the depression of feed intake., Earlier, Beare
(1961) showed that rats fed a diet contalning 20% rapeseed
0il continued to reproduce, but they had fewer and smaller
offspring than rats fed a normal diets In the present study
hens receiving a diet containing 14% rapeseed 0il consumed
less feed and produced fewer and smaller eggs than hens
fed low=fat or soybean 0il diets. The fact that hens fed
14% rapeseed oil consumed considerably less feed than those
fed 14% soybean oil shows that factors other than ration
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energy level per se exerted an adverse effect in the former
case. Not only was feed consumption decreased due to
rapeseed oil, but rate of egg production was drastically
reduced and egg size was decreased. These concurrent find-
ings indicate that the deleterious effect of rapeseed oil
was not due to poor absorption of dietary energy alone, but
that metabolism and egg formation per se were adversely
affected.

The data for egg weight, yolk weight, feed con-
sumption, feed efficiency and egg production indicate that
ration effects on these variables were more important and
obvious than strain effects. However, this does not mean
that strain differences were not significant. On the con-
trary, the present study shows that strain effects play an
important role in maximum egg production. For instance,

Sh strain was the best among the three strains studied in
utilization of feed for egg production, and produced the
heaviest eggs among the three strsins. On the other hand,
strain Cl had a lower feed efficiency and rate of egg pro-
duction regardless of ration treatments. Similarly, strain
effects on egg welight and egg components have also been
demonstrated by several workers. May and Stadelman (1960)
conducted an experiment using five strains of hens (three

Leghorn strains, one New Hampshire strain and a Hoosier
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White strain), and observed that strain of hen significantly

influenced per cent moisture and protein in eggs. In
addition, mean egg weights varied from 59.6 g. to 62.2 g.
among different strains. Arroyave et al. (1957) detected
significent differences among nitrogen, ash, phosphorus,
vitamin A and carotene contents of eggs from five breeds of
hens. Earlier, Farnsworth and Nordskog (1955) presented
data showing important breed and straein differences in
egg qualities (egg weight, shell color, shell thickness,
albumen height and yolk color) end suggested that consider-
able improvement in these gualities were possible by mass
selection of hens. Recently, Marion et gl. (1965) found
that eggs from five different stocks of hens differed
significantly in weight, per cent of shell, yolk, moisture
end 1ipid, as well as fatty acid content. The above reports
correspond with the current findings that strain differences
play an important role for egg production (size, rate and
quality).

In addition, the significent strain x ration
(S x R) interactions observed in the case of egg production
and feed efficiency shows that there are differences among
streins in response to various ration treatments. Although
these strain x ration interactions were observed, their re~-

lative importance, based on magnitude of the differences
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resulting from the 1ntergction effects, appear to be of
minor practical significance.

Fatty aclids in animal tissue and products may be
derived endogenously by synthesis (lipogenesis) through
interconversion of.fatty ecids within the body, or they |
may be obtalned exogenously from the diets. In the present
study, hens fed a low-fat ration (two per cent tallow) were
able to produce normal eggs at a regular rate. Therefore,
the majority of the egg fat.produeed by these hens must
have been derived by de novo synthesis from carbohydrate
and other nutrients. The relativelyvhigh levels of 01u9
C16» C16:1 and cl&:i in eggs of hens fed low-fat dlet, in-
dicates that mostly monounsaturated and saturated fatty
aclds were synthesized from earbohydrate. This is in agree-
ment with the work of Insull gt gl., (1958) who found that
monounsaturated and saturated fatty acids in humen milk
were derived by endogenous synthesis from carbohydrate pre-
cursors. Wheeler et al. (1959) shoﬁed'that eggs from hens
fed a stock ration had relatively high levels of 016 and
Cyg;1s and Feigenbaum and Fisher (1959) observed that eggs
from hens fed a "fat-free diet"® containéd a large amount
{48%) of Cyg;1 in yolke In the latter case, Cyg,; concent-
ration in yolk was higher than that observed when rations

containing various sources of fats were fed. These latter
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reports show that high levels of monounsaturated fatty aclds
were found in yolks of hens fed low-=-fat diets in which case
biosynthesis of Ci8:1 would be required.

In the present investigation, levels of essential
fatty acids (EFA) (Cyg,, end Cyg,) diminished gradually
with time on the low=fat diet. This finding is in keeping
with the reports of Reiser (1950a) and Feigenhaum and Fisher
(1959) who found that EFA cannot be synthesized from non-fat
precursors by the hens. Machlin and Gordon (1962) reported
that adult hens were not sensitive to a deficiency of EFA
as a result of large reserves of 01832 in edipose tissue.
Heald and Badmen (1963) found that the onset of laying in
the hen was preceded by a large increase of free-fatty acids
and phosphoprotein in the plasma. The guantities of these
components decreased markedly when laying commenced and
never reached a high level again. This suggested that
maximum storage of fatty aclds in pullets occurred before
the first egz was laid. In the current study, the low=fat
diet was given to the hens until after 50% egg production
was attalned. Evidently, these hens had stored considerable
gquantities of EFA from the pre-experimental ration
(practical laying hen diet), and used these stores to main=-
tain the C1832 and 618,3 levelsin the egg yolk. Eggs pro-
duced after six months of feeding the low=fat diet still
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possessed considerable Cyg,, (5 < 7%) and C18:3 (0.5 -~ 1%).
It would probably take a long time on a low=fat diet before
the EFA status of the hen would be depleted sufficiently
to affect normal egg production.

The common de povo synthesis of fatty acids in
the animal body is not always constant, but is influenced
by the dietary fat; the more fat included in the diet, the
slower is the rate of fatty acid synthesis from non=fat
sources in the liver or adipose tissue (Hill et al. 1958).
Obviously,}dietary fatty acids tend to inhibit fat synthesis
in the animal body; a negative feed back control circuit.
Thus, the role of dietary fatty acids in determining yolk
end adipose tissue fat composition cannot be ignored,
particularly when a high level of fat is included in the
ration. The results herein indicate that the primary effect
of ingested 1lipid in hens was a modification of major fatty
acid composition in adipose tissue and yolk fat (Figure 1).
Also, there is an apparent direct deposition of some un-
altered dietary fatty acids in both egg yolk and adipose
tissue. This finding corroborates the previous reports of
Crulckshank (1934), Reiser (1950a), Feigenbaum and Fisher
(1959), Wheeler et gl. (1959) and Chen et gl, (1965) that egsg
fat composition could be modified by dietary fat. The reason
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for the preferential incorporation of dietary fatty aclids
in animal tissue could be due to the fact that the lipid
fraction is more efficient, energetically speaking, in
maintaining and inereasing the level of egg and tissue lipids
than lipogenesis from other nutrients.

The actual contribution of dietary fats to tissue
fatty acid composition varies éonsiderably from one tissue
to another, from one 1lipid class to another, and also on
physiological conditions of the animal. In the current
study, when a high level of 01832 was provided in the diet,
a higher concentration of this acid in egg yolk or adipose
tissue was accompanied by low levels of 61831 and 01631.
Reiser (1950a), Wheeler et gl. (1959) and Horlick and O°Neil
(1958) observed the same phenomenon. This relationship was
also noted by Mohrhauer and Holman (1963a) in epidiedymal
fat of rats. They theorized that the rats were attempting
to maintain a minimal degree of total unsaturation of tissue
fat. In the present study, the above relationship probably
indicates the degree of inhibition of lipogenesis by dietary
fat. The readily increasing level of 018:2 observed in the
current study may be due to its relative stability and the
ease with which it can be deposited in the animal body as
conpared with other fatty acids. This fatty acid, not being

a precursor of saturated or monoenocic fatty acids, tends to
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replace the fatty aclids of endogenous_origln. Bottino et gl,
(1965), using isotope tracers, found that feeding linolenic
acid reduced,fgtty acid synthesis to very low levels and
that 61832 was not converted to other fatty acids but tended
to inerease in the animal body at the expense of fatty aclds
. of endogenous origin. ” '

. Deposition of 01833 in yolk fat of eggs from hens
_receiving soybean oll was less efficient than was that of
Cigspe This agrees with data presented by Fisher and
Leveille (1957) who also observed a low level of (:3_8‘3

in egg yolk. The deposition of this fatty acid (2.5%)

was less in hens'fed the rapeseed o0il, in spite of the fact
that the ration contained 17.3% of this soid. Wheeler et
~ale, (1959) obtained similar results when a dlet, containing
30% linseed oil was fed (the fat contained 58.3% Cyg,s).
They found that only 13.5% of the 618,3 entered into the
egg yolke Chen gt gl. (1965) using 10% linseed oil (58.9%
61833) obtained 1ess then 12% of this acid in the egg.

A more specific,study was conducted by Murty.énd Reiser
(1961) where graded levels of pure Cyg,, and Cyg855 Were fed.
They found that when an equal amount of dlietary 018:2 and
918:3 was supplied to hens, deposition of 618:3 in yolk was
only about helf as much as Cyg,, (12.06 and 24.9 respectively).
Murty and Reiser (1961) believed that these differences in
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preferential deposition of 018:2 were due to metabolic al-
terations of C1833 (desaturation, interconversion, etc.).
Reiser (1951) fed non-conjugated trienoic acid (Trilinolenic
or linolenic) to hens which had been fed a fat-free ration
for 19 and 27 weeks, and found that the amount of 01833 in
neutral fat of yolk increased initially and then decreased
rapidly to a very low level and eventually disappeared.

This was accompanied by an increase in polyunsaturéted acids
having two to six double bonds. Reiser (1950) suggested
that the low efficiency of utilization of 018:3 was due to
its rapid conversion to other fatty acids but not preferential
oxidation. Mohrhauer and Holman (1963b) observed that 318:3
competes with Cyg,, and Cyg,; in the formation of poly-
unsaturated acids. Iinolenic acid acts as a more favorable
substrate than either 018:2 or C;g,7¢ The results of the
present study do not support this view since there was no
increase in C;g,, at the expense of 01833 observed nor was
an accumulation of polyunsaturated (czozu etc.) fatty acids
detected. It appears that preferential oxidation was the
cause of low inecorporstion of 018:3 in the egg fat.

The influence of dietary fatty acids on fatty acid
composition of adipose tissue was more pronounced then on
yolk fat, particularly in the case of Cig,, and Cjg;3.

Thus, it appears that dietary fatty acids are more readily
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deposited directly in depot fat than in yolk. Similar re-
sults were obtained by Ostwald et gl. (1962) who observed
53% C1gso In rat adipose tissue when 10% safflower oil was
fed for three weeks. Beare (1964) reported that when oils
high in 018:2 were fed, the concentration of this acid in
tissue varied not only with dietary level, but also with
its relative proportion to other fatty acids, and that when
the fat inteke was high enough to render lipogenesis of
little consequence, the level of C18:2 in tissue tended to
approach that of dietary fat. The present results are in
egreement with the above findings in that the Cyg;, and
01833 were easily incorporated into adipose tissue, although
the deposltion of C18:3 was less efficlent than Cqg,5.

The dissimilarities in fatty acid composition of yolk and
adipose tissue suggests different pathways of fat deposition
in depot and egg fat.

In the present investigation, the levels of some
fatty acids (Cyg4s Cygy1s Cyg and 618:1) in yolk or adipose
tissue were higher than that present in the diet (Figure 1).
This indicates the occurrence of lipogenesis of fatty aclds
from non-fat nutrients or a preferential deposition of the
fatty acid in yolk and adipose tissue. It was also obserxrved
that the levels of monounsaturated (Cy4,; and Cyg,7) aclds
decreased simultaneously with en inerease in 618:2 and

018:3 as the experiment progressed into the third period.
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This may indicate that the decrease in the levels of mono-
unsaturated fatty acids was due to an inhibition of lipo-
genesis and an accompanying increase in deposition of 01832
and Cyg;3 of dletary origin. Similar observations were made
by Bottino et gl., (1965) who reported that there was little
or no synthesis of fatty acids in rats fed high levels of
fat and this inhibition of endogenous synthesis was‘reduced
when rats received low levels of fat. The results (Figure 1)
also indicate a possible relationship between Cig:2 and
Ci8:1 invelving de novo synthesis and participation of dietary
fat in the formation of tissue fat in hens. Increased de-
position of dietary fat (mainly C;g,,) was accompanied by a
decreased de novo synthesis (mostly C18=1)° Increased level
of 318:2 in both yolk and adipose tissue with duraetion of
ration treatments was followed by a relative decrease in
G18:1 content. In adipose tissue, reflection of much higher
level of dietary 018:2 was not merely accompanied by the
distinct decrease of 018:1 alone, but also a decrease in
Ci89 016 and clé:l’ It appears that participation of dietary
fat in the formation of egg yolk, ova, and adipose tissue
was related to the influence of 01832 on synthesis and sub-
sequent deposition of endogenous fatty acids. Its in-
hibition of de novo synthesis was first indicated by the
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decrease of 018:1 followed by Clé’ 016:1 and 018’ as the de-
gree of inhibition by dietary fat (018:2) was further in-
tensified.

A high level of C,,,.q (21%4) in the ration resulted
in the occurrence of a low level of this acld in the egg
yolk (1.3%), and in adipose tissue (4%). Sell and Hodgson

(1962) found 6.08% C in adipose tissue of chicks fed

22:1
eight per cent rapeseed oil (31.5% 622:1) for eight weeks.
Beare (1961) reported that the Cyp,q content of carcass fat
in female rats was 11% after a diet contalning 20% rapeseed
oil was fed. Milk fat from rats fed rapeseed oil contalned
15% of this acid. As a percentage of total fatty acids, the
latter results are higher than the level found in egg yolk
in the present experiment. These differences may be only
qualitative and not necessary quantitative, or they may be
attributed to differences in fat metabolism between the two
species. The extremely low level of 622:1 in adipose tissue
may be due to the initlal presence of "normal® fatty acids
at the start of experiment and/or the non-bicsynthesis of
erucic acid in contrast to the continuous synthesis of all
the other fatty acids such as Cl6’ 01631’ 018 and C18=1°
Either one or both of the gbove would have a diluting effect

on erucic scid concentration in tissue. It is also possible

that a preferential catabolism (or interconversion) of



85
02231 occurred, which would reduce the amount of this fatty
acld avallable for deposition. It is doubtful that de-
pPressed feed intake or poor absorption of the dietary fat
from the rapeseed o0il ration was of importance in the re-
sulting fatty acid composition of tissue. If these factors
had a direct effect, then EFA levéls in yolk fat and adipose
tissue of hens fed rapeseed oil should also have been re-
latively low.

Strain differences in fatty acid composition of
egg yolk 1lipid have been reported by Marion and Edwards
(1964). Based on a study of hens from five different strains
fed the same commercial ration, they found that strain 4if-
ferences existed only in the case of 616:19 Gla’ ClB:l and
C18;0¢ Edwards (1964) presented date indicating that the
content of Cjyg.q5 C189 61832 and C2034 in yolk differed
significantly among strains. He also found that C16 and
018:1 content of yelk did not differ among strains but
varied drastically among individuals within a strain. How-
ever, Chen et gl. (1965) found that the fatty acid com-
position of egg yolk exhibited by the two different breeds
(S.C. White Leghorn and Arkanass Silver) did not differ
slgnificently. Under the conditions of the present study,
strain differences in fatty acid composition in egg yolk
were noted in the case of Cj¢4, C18s C1832 and Cps,7e
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Palmitic aclid and 018:3 contents were not significantly
affected by strain differences, but were affected by a
marked strain x ration interaction which may have masked
any strain differences with respect to these two fatty acids.

Strain differences in fatty acid composition of
egg yolk and adipose tissue were not always consistent
(Teble 10b - 17b). They varied with type of fatty acid in
the diet and strain résulting in strain x ration interaction.
Fatty acids such as Cyg and 01832 which were significantly
different in egg yolk of different strains were not
similarly affected in the case of adipose tissue. Strain
x ration interaction was also not always the same between
different locations. For example, a strain x ration in-
teraction was noted in C;g,; content of adipose tissue,
while in egg yolk, gtrain x ration interaction was observed
with respect to 01681 and 618‘29 These inconsistancies
indicate that the genetic factors affecting fatty acid
composition in egg fat and adipose tissue of hens are not
simple in nature., If genetics is the factor responsible
for control of fatty acid composition, then this regulation
is probably of a polygene nature. Normally, quantitative
inheritance is controlled by several genes, and their
potential influence on the fatty acid composition of various

organs within the same animal may not slways be the same.
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In an investigation of the plasma lipid content in mice,
Yomemoto et gl. (1963) found that the genetic factors govern-
ing the plasme lipid concentration were polygenlc and had
an over-all additive behavior. However, whether genetic
effects on fatty acid concentration in egg yolk and adipose
tissue of hens are under a similar control to that of plasma
1lipid in mice is not clear. Further investigation is needed
before a conclusion can be drawn.

Iittle difference between Pe and Sh strains (both
of the White Leghorn breeds) was noted in the current
study, but both of these strains differed considerably from
the Cl strain. This indicates that differences between
strains within breeds are less pronounced than variation be-
tween strains from different breeds. If one accepts the
concept, that many genes control fatty acid composition,
then the logical explanation for the latter could be that
variation in the sets of genes between strain of unrelated
origin are likely to be greater thaﬁ those between strains
with similar origin.

Edwards (1964) noted definite patterns regarding
the fatty acid composition of egg lipids within a strain.
For instance, the North Carolina Rhode Island Red egg 1lipid
éontained a significantly higher amount of 02034 than other
breeds while Cj;g,, (metabolic precursor of C,,,)) appeared to
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be present in the smallest quantities in the breed. Purdue
Random Breed Bhode Island Red had the highest quantity of
C18:2 and lowest quantity of 018 as compared with other breeds.
Commercial Strain White Leghorns had the next highest quantity
of C1gs;o. The current investigation show that in adlpose
tissue the Sh straln possessed the highest level of both 018:2
and 318:3 and the lowest concentration of Cy4 and Cqyg.q- Pe
strain had high quantities of clS:l’ followed by 318:2 and
018:3’ whereas Cl strain had highest amount of C,g4 followed
by 018=3 and 01832° All these patterns were found when high
fat diets were fed. In the low-fat ration, there was hardly
any variation among strains in fatty acid composition. This
implies that there were differences in the ability of hens
from different strains to utilize dietary fats. The Sh strain
probably possesses the highest level of enzyme necessary for
incorporation of dietary 01832 and 018:3 into body tissue and
the de novo synthesis of fat was inhibited to the largest ex-
tent, resulting in relatively low C16 and 01831 levels. Pe
strain deposited dietary 61832 and 01833 in body tissues re-
latively slowly, but synthesized the largest amount of ClB:l‘
Cl strain also was unable to incorporate large quantities of
C1832 and 01833 into tissue, but synthesized more C,¢ than any
other strain. It was also interesting to note that the Sh

strain which produced eggs with the highest content of 61832
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wes also found to produce the largest eggs among the three
strains. This serves as evidence to support the fact that
01832 is important for producing large eggs and agrees with
work reported by Jensen et gl. (1958) and Marion and Edwards
(1964)., Carew and Hill (1964) suggested that an adequate
anmount of Cl8=2 was required for maximum efficlency of energy
utilization when various fats were supplied to chicks.

The intensity of ration effects on young growing
ova were less apparent than in mature egg yolk. Sturkie (1965)
reported that in a newly hatched female chick, the ovary may
be seen as a small irregular tissue consisting of numerous
small ova. Each ovum contains a female germ cell and a small
amount of yolk. A4s the female chick approaches sexual matu-
rity, the immsture ova begins growing at a rapld rate. In
the chicken, they reach maturity within 9 to 10 days. During
the growth periocd, the yolk material is laid down in con-
centrie rings. Since fat comprises 30-32% of the total yolk
weight, it is likely that fatty acids in young ova (before
rapid growth) were under predominately strong genetie control
and were mostly of endogenous origin. The absence of 02231
in young ova indicates that all the major fatty acids were
deposited selectively from adipose tissue into the growing
ova during the early growing stage. As its rate of develop-

ment increases (7 = 11 days prior to ovulation), development
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of egg yolk may become more dependent on increased partici-
pation of dietary fatty aclds. 4s a consequence, levels of
those acids which were originally from endogenous source be-
ceme diluted with those of dietary origin. Therefore, the
fatty acid pattern of ova tends to epproach that of dietary
fat as the ova grows more mature.

Since 018:2 and C18=3 were not supplied in the
low-fat diet, their content in ova was about the same as in
mature egg. However, the 018:2 and 018:3 content of ova
from hens fed the high-fat rations was less than in mature
yolks. This indicates that the younger ovae were not in-
fluenced as much by the dietary fat as were mature yolks.
Strain differences in content of 0165 C18’ 318:2 and Cx
aclds contents of growing ova were observed. A definite
pattern was alsoc exhibited by different strains upon con-
suming various rations (Table 19). It is interesting to
note that the patterns of 018:2 and 018:3 observed in dif-
ferent strains closely resemble that of adipose tissue
(Figures 4 and 5). This suggests that the fatty acid com-
position of growing yolks is closely related to adipose
tissue during early development. If this concept is logi-
cal, it also provides for a possible identification of the
Cx acid. Since Machlin and Gordon (1962) reported that

hens have a large reserve of c20:4 acid, and also through
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the techniqgue of fractionation followed by chromatographlc
analysis of fatty aclds in this study, the occurrence of
Czo:u has been shown, then it is possible that at this
stage of development the Cx acid could be C,,,, which
enters ova durlng the early development period. As the
ova grow bigger, this fatty acid not being obtailned from
the diet is diluted by other dietary fatty acids. Conse-
quently, its concentration is too small to be detected by
the analytical technique used for the analysis of mature
yolk lipid. Also, in ova obtained from hens fed rapeseed
0il, the relative position of the Cx and sz:l peaks on
the chromatogram was difficult to differentiate and thus
the presence of Cx in mature yolks from this treatment was

difficult to determine.

aUsing the fractiongation technique described by Vries,

Be. Doy, 1963, fatty acid esters containing this peak (acid)
were separated into five fractions according to the number
of double bonds and carbon chain length. Subsequent Gas
Chromatographic analysis showed that 02231 and 02034 were
present and they emerged at the same position on the normal

Gas Chromatograph run.



SUMMARY AND CONCLUSIONS

An investigation was made on the effects of stralns
and breeds and different sources of fats on the fatty acid
composition of egg yolk, adipose tissue and immature ova.
The eriteria used for evaluation were the relative percent-
age of fatty acids in all these tissues. Straln and ration
effects on efficiency of feed utilization and egg production
were also studied. Under the conditions and limitations of
this study, the following conclusions were drawn:?

1. In general, hens eat to satisfy thelr energy

requirements. High energy rations decrease
'feed consunption and improve feed efficiency.
The relastive decrease in feed consumption was
_in proportion to the higher energy density of
the ration.

2. Feeding soybean oil had little or no effect

on the total quantities of egg produced. Hens
fed low fat (low energy) end soybean oil diets
produced the same amount of egg per hen day.
However, more eggs were produced from hens fed
the low-fat diet but were smaller in size then
those from the soybean oil diet.

3. Inelusion of 14% rapeseed oil in the ration

depressed feed intake severely. Feed efficiency,
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rate of egg production as well as size of
eggs and yolks were drastically reduced. This
suggests that factors other than ration energy
level per se exerted an adverse effect on
these parameters when rapeseed oil was fed.
Strein end/or breed are also important in
attaining high egg production and feed utili-
zation of laying hens. Among the three strains
studied, Sh strain was the best in feed utili-
zation for egg production and produced the
heaviest eggs. Strain Cl had the poorest feed
efficiency and egg production.
Age of hens (periods) had & significent in-
fluence on feed consumption and utilizestion,
egg production and yolk weight. Feed efficiency
eand, rate and quantity of egg production de-
creased while egg and yolk sizes increassed
with age.
Changes in fatty acld composition in egg yolk
and adipose tissue were generally proportional
to the respective dietary patterns. Almost
all of the fatty acids in yolk fat and adipose
tissue respond to changes in dietary fats. In
comparison with feeding the low=-fat ration,
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feeding rations containing 14% soybean oil or
14% rapeseed oil caused marked increases in
018:2 and 018:3 content of tissues. The in-
creases in G18:2 and 018:3 in these tissues
were accompanied by simultaneous decreases in
01831 end, in some cases Cj4 OT clé:l'
Dietary fabtty acids, particularly 01832 and
01833’ were more readily deposited directly in
the adipose tissue than in yolk or ova.
Deposition of 622:1 was observed. The level
found in yolk and adipose tissue increased
with duration of the experiment and was con-
sistently higher in adipose tissue than in yolk
fat.
Eggs and adipose tissue resulting from feeding
the low=-fat diet possessed relatively high
levels of cl#’ 016’ 016:1 and clS:l which
suggests the preferential de novo synthesis
of these acids from non-fat precursors.
There were significent strain differences in
the content of 9169 618’ 31832’ c18:l and
02231 in egg yolk, while strain differences
occurred in Cy4, 91831’~018:3 and Cps.q in

oo
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adipose tlssue and Cj¢, Cyg,1s Cyg;5 2nd Cx
in ova. These inconsistencies among tissues
suggest that factors controlling the com-
position of fat could be of a polygene nature.
Variation in fatty acid composition between
strains Pe and Sh were less pronounced than
differences between Cl strain end Pe and Sh,
indicating that less variation exists between
strains of related origin than between strains
of distinctly different origin.

Significant ration effects occurred in all the
fatty acids in immature ova, except in the
case of an unidentified fatty acid (Cx).
However, the intensity of ration effects on
ova were less apparent than in the mature egg
yolk. Fatty aclids in ova appear to be de-
posited selectively from adipose tissue during
early development. chevef, as>the ova grow
bigger, the fatty acid composition begins to
bear a resemblance to that of the dietary fat.
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